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ABSTRACT

Multiple rocket exhaust plume interactions at high altitudes can produce base flow

recirculation with attendant alteration of the base pressure coefficient and increased base

heating. A search for a good wind tunnel benchmark problem to check grid clustering

technique and turbulence modeling turned up the experiment done at AEDC in 1961 by

Goethert and Matz on a 4.25-in. diameter domed missile base model with four rocket

nozzles. This wind tunnel model with varied external bleed air flow for the base flow wake

produced measured P/Pref at the center of the base as high as 3.3 due to plume flow

recirculation back onto the base. At that time in 1961, relatively inexpensive

experimentation with air at y = 1.4 and nozzle Ae/A* of 10.6 and en = 7.55 deg with Pc =

155 psia simulated a LO2/LH2 rocket exhaust plume with y = 1.20, Ae/A* of 78 and Pc

about 1,000 psia. An array of base pressure taps on the aft dome gave a clear

measurement of the plume recirculation effects at p_ = 4.76 psfa corresponding to

145,000 ft altitude. Our CFD computations of the flow field with direct comparison of

computed-versus-measured base pressure distribution (across the dome) provide

detailed information on velocities and particle traces as well eddy viscosity in the base

and nozzle region. The solution was obtained using a six-zone mesh with 284,000 grid

points for one quadrant taking advantage of symmetry. Results are compared using a

zero-equation algebraic and a one-equation pointwise Rt turbulence model (work in

progress). Good agreement with the experimental pressure data was obtained with both;

and this benchmark showed the importance of: (1) proper grid clustering and (2) proper

choice of turbulence modeling for rocket plume problems/recirculation at high altitude.
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